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CRUI SE RESULTS

NOAA SH P M LLER FREEMAN, CRUI SE 94-09
WEST COAST UPPER CONTI NENTAL SLOPE GROUNDFI SH
GEAR RESEARCH CRUI SE

The Resource Assessnent and Conservati on Engi neeri ng ( RACE)

D vision of the Al aska Fisheries Science Center (AFSC) recently
conpl eted a gear research cruise on the west coast upper
continental slope. This report sunmarizes the prelimnary
results of the cruise.

| TI NERARY

A gear research cruise was conducted aboard the NOAA ship Mller
Freeman between Cctober 16, 1994, and Novenber 13, 1994, off

the coast of Oregon (lat. 447?40" Nto lat. 457?35 N) in waters
183 m 1, 280 m deep. Exchange of scientific personnel occurred
in Astoria, Oregon, during a md-cruise break lasting from

Cct ober 29-30. The cruise period was divided equally between
two studies, each providing a distinct and i ndependent approach
t o addressi ng concerns about the performance of traw gear used
in National Mrine Fisheries Service (NWS) surveys of the upper
continental slope fish resources off Oregon, Washington, and
California. The first half of the cruise conpared our standard
area-swept bottomtrawl survey and a line transect survey using
a video sled. The second |leg of the cruise investigated bottom
trawl gear performance using different net configurations and

t owi ng protocols.

OBJECTI VES

The inmpetus for conducting this research in lieu of the standard
survey was the concern voiced by the fishing industry that the
sl ope survey fishing operations are faulty which have led to the
restrictive comrercial catch quotas on Dover sole (M crostomnus
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paci ficus), thornyheads (Sebastol obus spp.) and sabl efish

(Anopl oponma finbria) recently inposed by the Pacific Fishery
Managenment Council in response to 1994 stock assessnents. Sone
fishermen contend that our trawl survey data are not accurate
because there are indications, such as excessive nud in traw
catches and inconsistent gear performance, that the traw is not

fishing properly. In response to their concern, we conducted
this experinental cruise to research performance of the survey
trawml. Utimately, we want to insure (or determne) that the

poly Nor'eastern bottomtrawl perforns consistently as a
standardi zed sanpling tool and that it provides a reasonably
accurate estimate of fish density.

To assess how well the slope trawl survey estimates fish density
a conparative survey was designed using a video bottomsled. A
video sled offers an independent estimate of fish density. Video
images will also aid in understanding traw performance on the
upper continental slope by providing details of the habitat's
physi cal and biol ogi cal characteristics. The primary objectives
of the video/trawl conparison experinent were to:

1. collect data on fish density froma towed video sled survey
to conmpare with catch rates froman area-swept trawl survey,
and

2. characterize the physical and biol ogi cal environnment of the
upper continental slope to provide information on traw
performance in relation to the bottom conditions.

During the second |l eg of the cruise, a gear performance
experiment was conducted to test the inpact of nodifications to
the gear or towi ng protocol on net performance and trawl catch
rates. The goals of this experinment were to identify changes to
the trawl systemthat would: inprove gear performance, have

m nimal affect on net selectivity to maintain continuity with
the sl ope survey data tinme series, and avoid reduci ng the maxi num
depth Iimt (1,300 m) of the past slope surveys. |nproved gear
performance in this case neans mnimal fluctuations in the net's
fishing dinensions within and between tows, and consistent net
performance under a variety of conditions (e.g., wnd, current,
bottomtype, trawl operator, etc.). Better gear perfornance,

al t hough, does not necessarily nean that the net opens w der or
that fish catch rates increase. The primary objectives of the
trawl nodification experinent were to:

1. nmeasure a nunber of variables of trawl performance to test
the null hypothesis that gear performance is the same on soft
bottom for nodifications to the survey trawl configuration



and tow ng protocol;

2. collect data on species conposition and size conposition of
the catch to investigate how the selectivity for different
fish species varies with each trawing nodification; and

3. collect data to derive a new scope table for a 2.0 knot
tow ng speed using newy marked trawl warps.

VESSEL AND CEAR

The NOAA ship MIler Freeman is a 65.5-m (215-ft) stern trawl er
equi pped with nodern traw i ng, oceanographi c and hydrographic
sanpling systens and navigation and fishing electronics. The
standard survey trawl used was the pol yethyl ene hi gh-openi ng
Nor' eastern bottomtrawl equi pped with mud-sweep roller gear
constructed of 203-mm (8-in) solid rubber disks strung on 16-nm
high tensile chain. Dinensions of this net are: 27.2-m (89-ft)
headrope, 37.4-m (123-ft) footrope including the "flying w ngs",
body constructed of 127-mm stretched nmesh pol yet hyl ene netting,
89-mm stretched nesh codend, and a 32-nm stretched nesh codend
liner. Each wing was attached to a 1000-kg (2,200-1b), 1.8-mx
2.7-m (6-ft x 9-ft) steel V-door using three 55-m (180-ft)
dandyl i nes made of 16-nm gal vani zed steel cable. A SCANVAR!
acoustic traw nensuration systemwas used to neasure spread

of trawl doors and fishing dinensions of the Nor'eastern traw .
A Furuno wirel ess netsonde systemwas used to nonitor bottom
contact and net height throughout each trawl haul. A Richard
Brancker XL-200 subnersible data | ogger was attached to the traw
and used in conjunction with a Trinble d obal Positioning System
(GPS) unit to record data on the time, depth, water tenperature,
and geodetic position during each trawl. Newy developed tilt
sensors were used to neasure the bottom contact of the footrope
and the pitch and roll angles of the V-doors. The V-door pitch
and roll sensors were attached on the back and m ddl e side of
both port and starboard doors and the bottom contact sensor was
attached to the footrope where it connects to the breast |ine of
the flying w ng.

Dr. Wal do Wakefield, the Science Director at the National

Under sea Research Center (NURC) and a Research Professor at the
Institute of Marine and Coastal Science at Rutgers University,
built the video sled canera systemfor the video sled/traw
conpari son experinment. The video canera systemwas carried on

Ref erence to trade nanes and/or comercial firns does not
constitute U S. Governnent endorsenent.
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a sled constructed of hot-di pped gal vani zed schedul e 40 two-inch
steel pipe neasuring 366 cmlong by 213 cmw de by 152 cm hi gh,
wei ghi ng about 500 kg. The canera was a Deepsea Power and Li ght
Aut ononous Vi deo Cantorder System (AVCS) powered by two sets of
24 volt/38 anp hour batteries and lighted with two 150-watt
Seali t es.
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EXPERI MENTAL DESI GN AND METHODS

Vi deo Canera Sl ed/ Trawl Compari son Experi ment

Sanmpling stations for the first half of the cruise were | ocated
of f the Oregon coast between lat. 447?40'N and lat. 45?30'N at
depths of 450 m 750 m and 1,150 m Sanmpling sites were flat
or gently sloping, free fromobstructions, and conposed of a
soft nmud bottom Sanpling was conducted on a 24-hour basis.
Replicate sanples were made at each depth for each gear type.
Sanpling at each station alternated between the video canera
sled and trawl net. The nunber of replicates of each gear type
and depth was constrained by tine. Wile towing an effort was
made to avoid crossing over the path of any previous tows. Both
net and sled hauls were towed al ong i sobaths as cl osely as was
practical throughout each tow. The video canera sled was towed
on the sea floor using the main starboard trawl wire at speeds
between 0.75 ms and 1.0 ms (1.5 kts and 2.0 kts) for two to
three hours. During each tow, the trawl wire in front of the
canera was mai ntained 25 mto 35 m above the sea floor by

adj usting the ship's speed or the anount of trawl wire out.

This altitude was nonitored with a 12 kHz pinger attached at the
connection between the trawl wire and the canera sled rigging.
The Rapp Hydema hydraulics were nodified for canmera tows to all ow
the starboard trawl w nch to freewheel in the event of a hang-up.

Trawl Mbdification Experinent

Prior to the cruise, newtrawl warps were narked every 50 mto
keep an accurate account of how rmuch wire was paid out during
trawl i ng operations. During the first two days of the first |eg
of the cruise a new scope table for 2.0 kts towi ng speed was
devel oped to utilize the marked warps. This was acconplished by
"flying" the trawl over deep water using warp | engths of 200 m
600 m 1,000 m 1,400 m and 1,800 m and neasuring the depth at
which the trawl settled using the Furuno netsonde and a Seabird
Seacat Profiler. Tow ng speed was held constant for at |east 15
m nutes at each warp length. Simlar tests were done at 2.5 kts
and 3.0 kts towi ng speeds using warp | engths of 200 m 1,000 m
and 1,800 m Trials were conducted while tow ng with and agai nst
the current and while the trawl wire was paying out and com ng
in.

Trawl stations were occupied off the Oregon coast between | at.
45705' N and lat. 45735' N at depths ranging from460 mto 480 m
D fferences between traw configurations were tested using a
random zed bl ock design. Wthin each bl ock, various traw
configurations or treatnents were done in random order. Tows
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wer e conducted wi thout crossing over the previous tow paths.
Dept hs ranged from 460 mto 480 mand the bottomwas flat or
gently sloping, free fromobstructions, and conposed of soft nud.
The net was towed at an average towi ng speed of 1.0 mls (2.0 kts)
for 30 mnutes. The autotrawling nmechani smon the Rapp Hydema
system was not used and marks on the trawl warps were used to
determne wire out.

Suggestions for nodifying the trawl net or towi ng protocol were
solicited and received froma variety of individuals within the
fishing industry (harvesters as well as trawl manufacturers) and
the scientific comunity. After careful consideration, three
nodi ficati ons were chosen: 1) shorter scope (Table 1), 2) a
four-point bridle attachnment to the V-door, and 3) lighter ground
gear. These three nodifications resulted in eight possible traw
configurations or treatnents (Table 2).

Shorter scope was chosen as a treatnent because results fromthe
earlier scope experinment indicated that nore scope was bei ng used
in previous surveys than was necessary. Additional weight from
extra wire may cause doors to fall over resulting in poor traw
performance. The four-point bridle on the V-doors may al so
prevent the doors fromfalling over by forcing the doors to

mai ntain a certain angle of attack (ideally 35?-407?).

Mai nt ai ning the door's angle of attack may reduce the variability
in door and net spread, thereby stabilizing the net's fishing

di mensions. Virtually all deep-water conmercial fishermen in
Eureka use sonme version of a four-point bridle attachnment and are
able to effectively tow their nets at speeds ranging from 1.5 kts
to 2.0 kts (Liem Massey--Pacific Trawl Nets, and Gary Loveri ch--
Research Nets, personal conmunications). Another possible
explanation for the large nud tows that |eads to questionable
gear performance during past surveys was the heavi ness of the

st andard nudsweep ground gear. Excessive weight in the ground
gear would tend to make it dig into the soft nud bottom causing
erratic net behavior and | arge catches of nud and benthic

i nvertebrates. About 700 I bs. were elimnated fromour standard
mudsweep ground gear by renoving a 1/2-inch long link chain
attached to the footrope, replacing a 1/2-inch long link chain
that strings the cookies with a 3/4-inch cable, and substituting
cable clanmps for 3.2 kg toggles. |Increased towi ng speed was
considered as a potential experinental factor but was not

sel ect ed because higher tow ng speed woul d change the net's
selectivity relative to past surveys and woul d al so reduce the
maxi mum depth limt of our survey. The decision was nade even

t hough i ncreased tow speed would tend to stabilize net

per f or mance.
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Al'l catches were sorted to the | owest possible taxon, weighed,
count ed, and processed according to standard AFSC protocols, and
sel ect ed species were neasured. Biological data fromindividual
speci nens, such as length, sex, otoliths, maturity, and wei ght,
wer e obtained for sablefish and gi ant grenadi er (Al batrossia
pectoralis) during the first leg only. Table 3 sumrarizes the
bi ol ogi cal data collected during the entire crui se.

RESULTS

Video Sled/ Trawl Conpari son Experi nent

Several days were required to perfect techniques for rigging,

depl oying, and retrieving the canera sled. Seventeen canera sled
tows and 22 trawl net tows were conpleted during the video/traw
conpari son experinent (Figure 1). O these, 12 were paired
canera sled/trawm net tows done at depths of 450 m 750 m and
1,150 m (four pairs at each depth). Four of the 17 camera sled
tows were unsuccessful because of video canmera or 12 kHz pi nger
mal functions. Three of the 22 trawl net tows were unsuccessf ul
due to winch failure, inproper scope, or problens with gear
mensur ati on equi pnent.

Procedures for retrieving and anal yzing the video data are being
devel oped. Fi sh abundance and spatial distribution data will be
extracted fromvideo i nages by using a programthat controls a

Hi -8 conputer video deck and records events entered by an
observer's keystrokes. Fish lengths for selected species wll be
estimated usi ng OPTI MAS video imagi ng software. Fish density for
different fish species will be estimated using |ine transect
sanpling theory using the DI STANCE program (Laake et al. 1993)°2.

Gear Performance Experi nent

Results fromthe scope trials indicated that |less wire or shorter
scope could be used at 2.0 kts than has been used during prior
surveys (Table 1). For this cruise, the new and shorter scope
table along with standard heavy footrope and two-point door was
used for all trawls during the video sled/trawl conparison
experinment and as one of three treatnents during the gear

per f or mance experi nent.

’Laake, J.L., S. T. Buckland, D.R Anderson, and K P. Burnham
1993. DI STANCE user's guide, v2.0. Col orado Cooperative Fish
and Wldlife Research Unit, Colorado State University, Fort
Collins, Colorado. 72 pp.
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A total of 96 tows was successfully conpleted during the traw
nodi fication experinment providing 12 replicates for each bl ock of
8 treatnments. Eight additional tows that were unsuccessful. A
full set of SCANMAR data on door wi dth, net wdth, and net height
were obtained for all but a fewtows. Roll tilt sensor data was
collected from98 tows from both doors. Pitch sensor data was
collected for all 98 tows fromthe starboard door but the pitch
sensor on the port door functioned properly on only 73 tows.
Bottom contact sensor data was collected for 76 trawl net tows.

Anal yses will be conducted on the gear nensuration and tilt
sensor data to determ ne which trawl configuration or treatnent
was the nost stable and the |east variable. Results fromthis
study will help determ ne the preferred trawl configuration for
future slope surveys. Prelimnary analysis of the gear
mensuration data (Table 4) indicate that gear w dth and hei ght
were |l ess variable for the four-point door bridle regardl ess of
ground gear wei ght or scope length. Net heights and net and door
wi dt hs were much nore variable with the conbination of the two-
poi nt door bridle and the heavy ground gear, independent of scope
l ength. Average net height and door and net wi dths for the two-
point bridle doors generally had higher variances. The two-point
bridle had the | east variability when fished with the |ight
ground gear and | onger scope. Tilt sensor data are still being
sunmmari zed.

Prelimnary analysis of the average catch rates (Table 5) shows
| ess than twofold differences anong the different traw
configurations for all the primary target species. This
prelimnary summary indicates that higher catch rates occurred
for the treatnents that showed nore erratic net performance. A
detailed statistical conparison to test significant differences
in catch rates anong treatnment groups is in progress for primary
speci es.

Addi tional activities acconplished during the gear research
crui se incl uded:

1. the canera sled was towed over the "footprint” of three traw
net tows using different scopes and traw i ng techni ques.
Unfortunately, water turbidity fromthe traw ing obscured
vi deo i mages of the bottom

2. one trawl station was conpleted in 60 mto collect smal
English sole (Pleuronectes vetulus) for a graduate student
at Oregon State University to collect maturity data; and

3. tissue sanples for mtochondrial DNA anal ysis were obtained
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from 15 aurora rockfish (Sebastes aurora) for the Sout hwest
Fi sheries Science Center to study the taxonom c rel ationships
of rockfishes.

Gerald Gunnari, a commercial fisherman and nenber of the

Fi shermen' s Marketing Association from Charl eston, Oregon,
participated in the second | eg of the gear research cruise.

M. Q@unnari's concern over performance of the survey traw net
during | ast year's West Coast Sl ope Survey was the inpetus for
doing this year's gear research cruise. Cbservations and
suggestions from M. Gunnari continue to be hel pful in resolving
a nunber of issues concerning our slope survey operations and
met hods.
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SClI ENTI FI C PERSONNEL

Leg | (Cctober 15-29)

Robert Lauth Chi ef Scientist, AFSC

Pet er Adans SWFSC

Bill Flerx AFSC

Dave King AFSC

Crai g Rose AFSC

Jim Smart AFSC

Steve Syrjala AFSC

Wal do Wakefield NURC

Leg Il (COctober 30-Novenber 15)

Robert Lauth Chi ef Scientist, AFSC

Scott McEntire AFSC

Bill Flerx AFSC

Robi n Harri son AFSC

Dave King AFSC

Jim Smart AFSC

M chael Martin AFSC

Al |l en Harvi son AFSC

M ke Mac Ewan AFSC

Ken Wi nberg AFSC

CGerald Gunnari FMA

AFSC = Al aska Fisheries Science Center, Seattle, Washington

NURC = National Underwater Research Center, New Brunsw ck,
New Jer sey

SWFC = Sout hwest Fisheries Science Center, Tiburon Laboratory,
Ti buron, California

FMA = Fisherman's Marketing Associ ati on, Coos Bay, O egon

For further information contact Dr. Gary Stauffer, Director,
Resource Assessnent and Conservati on Engi neering Division,
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Al aska Fisheries Science Center, National Marine Fisheries
Service, 7600 Sand Point Way Northeast, Building 4, BIN C15700,
Seattl e, Washington 98115-0070. Tel ephone (206) 526-4170.




